Melatonin-induced increase of lipid droplets accumulation and in vitro maturation in porcine oocytes is mediated by mitochondrial quiescence.
Melatonin, the major pineal secretory product, has a significant impact on the female reproductive system. Recently, the beneficial effects of melatonin on mammalian oocyte maturation and embryonic development have drawn increased attention. However, the exact underlying mechanisms remain to be fully elucidated. This study demonstrates that supplementing melatonin to in vitro maturation (IVM) medium enhances IVM rate, lipid droplets (LDs) accumulation as well as triglyceride content in porcine oocytes. Decrease of mitochondrial membrane potential, mitochondrial respiratory chain complex IV activity as well as mitochondrial reactive oxygen species (mROS) content indicated that melatonin induced a decrease of mitochondrial activity. The copy number of mitochondrial DNA (mtDNA) which encodes essential subunits of oxidative phosphorylation (OXPHOS), was not affected by melatonin. However, the expression of mtDNA-encoded genes was significantly down-regulated after melatonin treatment. The DNA methyltransferase DNMT1, which regulates methylation and expression of mtDNA, was increased and translocated into the mitochondria in melatonin-treated oocytes. The inhibitory effect of melatonin on the expression of mtDNA was significantly prevented by simultaneous addition of DNMT1 inhibitor, which suggests that melatonin regulates the transcription of mtDNA through up-regulation of DNMT1 and mtDNA methylation. Increase of triglyceride contents after inhibition of OXPHOS indicated that mitochondrial quiescence is crucial for LDs accumulation in oocytes. Taken together, our results suggest that melatonin-induced reduction in mROS production and increase in IVM, and LDs accumulation in porcine oocytes is mediated by mitochondrial quiescence.